Objectives: This study investigated, on 53 Australians consuming a typical Western diet, the relationship between dietary intake, faecal excretion of carbohydrate and changes in faecal markers believed to be relevant to colon cancer risk, for example faecal output, transit time and concentrations of phenols, ammonia and butyrate. Design: Fifty-three subjects consuming their usual diet were asked to record and weigh all food consumed for a seven day period, and to collect faeces for three days during this period. Setting: Geelong, Victoria, Australia. Subjects: All volunteers were either staff and students of the university, or associates of the authors. Interventions: None. Results: Volunteers had the following dietary intakes of carbohydrate (g/d; mean AE s.d.); starch 131 AE 41 (including resistant starch (RS), 5 AE 2), sugar 108 AE 37 and non-starch polysaccharides (NSP) 14 AE 7. Daily faecal output was 127 AE 70 g and transit time 47 AE 19 h. Analysis of faecal samples found 0.8 AE 1.2 g RS and 5.6 AE 3.6 g NSP were excreted daily. Dietary starch intake was the only dietary carbohydrate to show a signi®cant relationship with the concentration (mmol/L) of butyrate excreted in faeces (r 0.34, P`0.05). Dietary intake of RS was associated with higher concentrations of faecal ammonia (r 0.34, P`0.05), but this association was reversed when RS was combined with NSP in the diet (r 0.07, NS). In contrast to dietary intake, the faecal excretion of RS was negatively related to faecal ammonia concentration (r 7 0.40, P`0.01) and positively related to faecal output (r 0.64, P`0.01). Individuals who consumed more NSP in their diet (19 AE 7 g/d) excreted more than 150 g faeces per day and had higher quantities of faecal-RS and -NSP; faster transit times; higher concentrations of short chain fatty acids and lower concentrations of potentially harmful ammonia and phenols. Conclusions: The combination of RS and NSP in the colon may be required to achieve an optimal luminal environment conducive to`colonic health'. The results also support the suggestion that faecal output (`or b 150 g/d) may provide a useful index of colon cancer risk. High faecal outputs are achieved through higher intakes of NSP (the major component of dietary ®bre). Sponsorship: This work was supported by a scholarship to A. Birkett from the Australian Postgraduate Research Council.
Introduction
The importance of indigestible carbohydrates in the aetiology of bowel disease became apparent with the pioneering work of Burkitt and colleagues (Burkitt et al, 1972) . These researchers compared faecal weight and transit times of individuals in Africa consuming an unre®ned diet, with those in the United Kingdom consuming re®ned diets (Burkitt et al, 1972) . They concluded that a de®ciency in dietary ®bre may have an important role in the development of certain diseases of the large bowel evident in Western countries including appendicitis, constipation, diverticulosis and colon cancer (Burkitt et al, 1972) . This work sparked worldwide interest in the role of dietary ®bre and colonic health.
The major component of dietary ®bre which escapes digestion in the small intestine to in¯uence bowel function is non-starch polysaccharides (NSP) (Englyst & Cummings, 1990) . In addition to NSP, the other major carbohydrate to reach the colon undigested is starch (Englyst & Cummings, 1990) . Undigested starch, named resistant starch (RS), has been shown recently by us (Phillips et al, 1995; Birkett et al, 1996) and others (Scheppach et al, 1988a; Van Munster et al, 1994; Cummings et al, 1996) to impact signi®cantly upon colonic function.
Substrates that reach the colon undigested are fermented by a vast array of anaerobic bacteria (MacFarlane & Cummings, 1991) . These bacteria have a number of actions relevant to colon cancer risk (Bingham, 1990) . For example bacterial fermentation of carbohydrate (NSP and RS) increases faecal weight via increased bacterial mass (Stephen & Cummings, 1979; Phillips et al, 1995) . Increased faecal bulk will also dilute the concentration of potential carcinogens, while the rapid transit through the colon reduces the contact time of carcinogens with the colonic epithelium (Burkitt et al, 1972) .
Colonic bacteria are also involved in the production of short chain fatty acids (SCFA) with the resultant lowering of luminal pH (Bingham, 1990; MacFarlane & Cummings, 1991) . A lowered pH has been linked with reduced risk for colon cancer (Walker et al, 1986) . Moreover, one SCFA, butyrate, may reduce the risk of malignant change in colonic epithelial cells (Candido et al, 1978) . Actions of the colonic micro¯ora which are potentially detrimental to the health of the colon include the conversion of primary to secondary bile acids, and the generation of ammonia and phenols via the fermentation of undigested protein (Bingham, 1990; Macfarlane & Cummings, 1991) . Secondary bile acids and phenols may act as tumour promoters (Ahnen, 1991; Boutwell & Bosch, 1959) , while ammonia is cytotoxic and can favour the growth of malignant cells (Visek, 1978) .
By-products of bacterial action, such as the concentration of secondary bile acids and pH, have been used in population studies as markers of colon cancer risk (Reddy et al, 1978; Walker et al, 1986) . Burkitt originally proposed that faecal weight would also provide a good index of bowel disease risk (Burkitt et al, 1972 ). This was not tested systematically until Cummings and colleagues compiled data from 20 populations worldwide, and found that a reduced risk of colon cancer was associated with a daily faecal weight of greater than 150 g .
A greater understanding of both intake and excretion of carbohydrates and how they impact on colonic function is required. This information will provide a sound basis upon which to develop dietary recommendations directed at reducing the incidence of colon cancer and related conditions in Western communities. In this study we examined, in 53 Australians consuming their usual diet, the relationship between dietary intake of carbohydrate (including starch, dietary ®bre, NSP and RS) and faecal excretion of NSP and RS and changes in faecal weight, transit time and fermentation-dependent events. In addition, we determined whether a faecal weight greater than 150 g is associated with bene®cial changes in faecal markers relevant to colon cancer risk.
Materials and methods

Subjects and study design
The 53 volunteers (37 female and 16 male) who participated in this study were recruited through the university, or were associates of the authors. Their average age ( AE s.d.) was 29 AE 13 y (range 18±67 y). BMI averaged 22.5 AE 2.8 (range 17.7±32.9), with an average height of 1.69 AE 0.08 m (range 1.48±1.94) and an average weight of 64 AE 10 kg (range 50±95 kg). None of the volunteers had recently taken antibiotics or laxatives and all completed the study. Forty of the subjects were recruited as part of another study which was designed to investigate the effects of an enzyme additive to bread on colonic transit time (de Silva & Jones, unpublished data). The study protocol was approved by Deakin University Ethics Committee.
Subjects were asked to adhere to their usual diet and to record and weigh ( AE 1 g, Bonso Electronics Ltd, Hong Kong) all food and drink consumed for a seven day period. On each of days 2, 3 and 4 of this period they were asked to consume a gelatine capsule containing 20 radio-opaque polyvinyl chloride markers (William Cook, Brisbane, Australia) at breakfast, and to note the time these were taken. The individually shaped markers were consumed in a speci®c sequence over the three days and their appearance in the faeces used to estimate transit time (Cummings & Wiggins, 1976) . Subjects were then asked to note the time of defecation and to collect all stools excreted on days 5, 6 and 7, or to continue collecting their faeces until they had collections for three consecutive days. Faeces were excreted directly into one litre plastic containers and immediately placed into a ®ve litre insulated container containing dry ice, and brought frozen into the laboratory. The samples were stored atÀ20 C until ready for analysis.
Dietary analysis
The weighed food records were analysed using the SODA 5 program (Computer Models, Cottesloe, Australia), which is a food composition database of Australian foods (National Food Authority, 1991) . In this database dietary ®bre values are measured by the Association of Of®cial Analytical Chemists method (Prosky et al, 1985) . SODA 5 does not contain values for NSP and RS. NSP values were obtained from the supplements to the British food composition tables (Holland et al, 1988 (Holland et al, , 1991 (Holland et al, , 1992 .
Foods contributing the majority of dietary starch were purchased and directly analysed for RS content. RS was measured in triplicate by a modi®cation of an in vitro assay (Muir et al, 1994) . This modi®cation involved the use of a food mincer with an 8 mm aperture plate (Porkert 10, Czechoslovakia) to masticate the whole food (Englyst et al, 1992) rather than chewing (Muir et al, 1994) . The analysed foods were all obtained from a local supermarket, and were prepared according to the instructions on the packet labels.
Faecal analysis
Transit time was estimated from the X-ray analysis of the ®rst faecal sample excreted after day 4 (Cummings & Wiggins, 1976) .
Frozen samples were rapidly thawed in a warm water bath (30 C) and weighed. Each subject's three day collection was combined using a blender (Black and Decker, Croydon, Australia), and pH measured immediately using a protein-resistant glass electrode (AEP 344, Activon Scienti®c Products, Carlton, Australia). Moisture was determined by the weight loss on freeze drying (Dynavac, Melbourne, Australia) of duplicate samples. The ground freeze dried material was thoroughly mixed and used for duplicate determinations of total starch, NSP and nitrogen.
Total starch was measured by dispersion in dimethyl sulphoxide, incubation with amylase and amyloglucosidase, and spectrophotometric measurement of released glucose at 510 nm (Total Starch Kit AA/AMG, Megazyme Australia, Sydney). NSP was measured using the method of Englyst & Cummings (1988) , with spectrophotometric determination of released sugars at 530 nm, against a glucose standard (Englyst & Cummings, 1988) . Faecal nitrogen was determined using a semi-automatic Kjeldahl apparatus (Gerhardt, Bonn, Germany) (DiGiorgio, 1974) .
Faecal samples were diluted 1:4 with 0.9% saline, and short chain fatty acids measured by capillary gas chromatography (Phillips et al, 1995) . Ammonia was measured using a Berthelot reaction (Birkett et al, 1996) and deconjugated phenols (measured as phenol plus p-cresol) were detected using reverse phase high performance liquid chromatography (Birkett et al, 1995a) .
The average number of defacations by each subject per day were calculated by dividing the number of separate stool collections by the number of days over which they were collected. Self ranking values for stool consistency and ease of defecation were provided by each subject. Stool consistency was ranked as: 1 small hard lumps, like nuts; 2 sausage like, but lumpy; 3 sausage or snake like, with a cracked surface; 4 sausage or snake like, smooth and soft; 5 soft blobs, with clear cut edges; 6 ¯uffy pieces with ragged edges, a mushy stool (Probert et al, 1993) . Ease of defecation was ranked as: 1 no effort; 2 effort; 3 straining; 4 much straining. (Johnson, 1984) . Differences were considered signi®cant at the 95% con®dence level.
Statistical analysis
Results
The composition of the dietary intake of all subjects is presented in Table 1 . Our results, which were collected via a seven-day weighed food record, were compared with the results taken from a larger survey involving nearly 3000 Australians (Baghurst et al, 1993; Baghurst et al, 1996) but which were collected by a food frequency questionnaire (Table 1) . It has been suggested that food frequency questionnaires may over-estimate consumption of fruit and vegetables when compared with weighed food diaries (Wheeler et al, 1995) . As shown in Table 1 the nutrient composition was similar except our subjects recorded a 33% lower intake of NSP. Of the total carbohydrate consumed 45% is derived from sugar and 55% from starch. Resistant starch intake was 5 g/d and NSP intake 14 g/d (Table 1) . Total dietary ®bre (DF) intake by these subjects was also calculated and was 21 AE 9 g/d (range 10± 46 g/d). Baghurst and colleagues estimated intake of DF to be 27 g/d for a 9 MJ diet (Baghurst et al, 1993) .
Faecal measurements are listed in Table 2 . There was considerable variation amongst subjects for faecal weight and transit time, which ranged from 41 g±340 g and from 22 h to 123 h respectively, however no subject reported suffering either constipation or diarrhoea. There was also variation in the quantities of RS (56 fold) and NSP (10 fold) excreted in the faeces, and in both the concentrations and total quantities of fermentation-dependent parameters (Table 2) . For example, concentrations of total SCFA and ammonia varied by 5 and 6 fold respectively while butyrate and phenols varied by 12 and 13 fold respectively. NSP was the major carbohydrate detected in the faeces of these subjects. From data on dietary intake and faecal excretion of RS and NSP, it can be estimated that approximately 60% of NSP and 84% of RS was fermented in the colon (namely not recovered in the faeces).
The dietary intake and faecal output data from all subjects were correlated to assess the strength of any associations (Tables 3 and 4) . Table 3 shows correlations between dietary intake of carbohydrates (starch, dietary ®bre, NSP and RS) and faecal weight, transit time, and excretion of NSP and nitrogen. The data shows that intake of dietary ®bre and NSP and not intake of total starch or RS gave the strongest correlation with daily faecal weight. Dietary ®bre intake was negatively correlated with transit time (Table 3 ). The effects of dietary ®bre on faecal bulking and transit time are well known (Burkitt et al, 1972; Cummings et al, 1978; Kelsay et al, 1978; Davies et al, 1986; Lupton et al, 1993) . Dietary intake of NSP alone did not signi®cantly correlate with changes in transit time, but became signi®cant when combined with RS (Table 3) . The combination of RS and NSP gave similar results to dietary ®bre. This result may be expected because the measurement of dietary ®bre by the AOAC method includes some forms of RS in its estimation (Englyst & Cummings, 1990) .
Higher intakes of RS and total starch correlated with faster transit times ( Table 3) . The results also suggest that total starch and RS intake may be useful predictors of transit time, but not of faecal weight (Table 3 ). Intake of f RS was determined by direct analysis of the principle starchy foods (namely breads, breakfast cereals, potato, pasta, rice and legumes) consumed by the subjects.
Dietary intake and faecal excretion of carbohydrate AM Birkett et al dietary ®bre and NSP but not total starch or RS correlated signi®cantly with excretion of faecal nitrogen and a higher ratio of undigested NSP RS : nitrogen in the faeces (Table  3 ). There were no signi®cant correlations between faecal pH and dietary intake of any carbohydrate (data not shown).
The results in Table 3 also show correlations between dietary intake of carbohydrate and fermentation-dependent products (SCFA, butyrate, branched SCFA (bSCFA)) and ammonia). Intake of total starch, dietary ®bre and NSP but not RS gave signi®cant correlations with SCFA excretion in faeces. The relationship between dietary ®bre, NSP and RS with faecal SCFA is now well established (MacFarlane & Cummings, 1991; Scheppach et al, 1988b; Van Munster et al, 1994; Phillips et al, 1995; Cummings et al, 1996) . The present data, however, shows the strongest correlation was with dietary starch intake ( Table 3 ). The intake of starch was also the only dietary carbohydrate to signi®-cantly correlate with changes in butyrate concentration in the faeces. Both total starch and RS intake correlated positively with faecal ammonia concentration (Table 3) . Interestingly, the addition of NSP to RS reversed this effect. Similarly, there was a positive association between RS intake and the concentration of bSCFA in faeces which was reversed with NSP (Table 3) . There was no signi®cant association between DF or NSP intake and the concentration of ammonia or bSCFA. No signi®cant correlations were observed between faecal phenols and dietary intake of any carbohydrate (data not shown), nor between the ratios of butyrate : ammonia and butyrate:phenols and the dietary intake of any carbohydrate (data not shown).
The data in Table 4 presents correlations between the faecal parameters, including the fermentation-dependent products. It shows a strong association between excretion of NSP and NSP RS in faeces and faecal weight. There were also signi®cant correlations between faecal RS and faecal wet weight and reduced transit time (Table 4) . As others have observed (Burkitt et al, 1972; Cummings et al, 1992 ) the increased faecal weight signi®cantly correlated with a faster transit time (Table 4 ). The only faecal parameter measured during this study to correlate signi®-cantly with faecal pH was slower transit time (Table 4) . A slower transit through the gut will result in less carbohydrate reaching the distal colon (Macfarlane et al, 1986) . This, in turn, will lead to a lower production of SCFA, while products of protein fermentation (including ammonia) will rise (Macfarlane et al, 1986) . These changes in bacterial fermentation patterns would subsequently result in elevated pH.
The data shown in Table 4 also shows strong correlations between daily faecal nitrogen excretion and faecal weight and excretion of carbohydrate. This is consistent with increased bacterial mass resulting from fermentation of available carbohydrate (Stephen & Cummings, 1979; Weber et al, 1987; Scheppach et al, 1988a Scheppach et al, , 1988b , which is re¯ected by the positive correlation between an increased ratio of faecal NSP RS:nitrogen and faecal wet weight. Table 4 also compared associations between faecal parameters and fermentation-dependent products, including total SCFA, butyrate, ammonia, branched SCFA and phenols. These associations again con®rm observations made by others (Burkitt et al, 1972; Cummings et al, 1992; Phillips et al, 1995; Birkett et al, 1996) . Only faecal weight and transit time were signi®cantly correlated with concentrations of total SCFA and butyrate in the faeces. The results in Table 4 also show signi®cant negative correlations between faecal wet weight, faecal carbohydrate (NSP and RS) and faecal concentrations of branched SCFA, ammonia and phenols. The concentration of faecal Stool consistency determined by self-ranking from a questionnaire where 1 small hard lumps, like nuts; 2 sausage like, but lumpy; 3 sausage or snake like, with a cracked surface; 4 sausage or snake like, smooth and soft; 5 soft blobs, with clear cut edges; 6 ¯uffy pieces with ragged edges, a mushy stool.
c Ease of defecation determined by self ranking from a questionnaire where 1 no effort; 2 effort; 3 straining; 4 much straining. (Table 4) . These results suggest that carbohydrate (NSP, RS) reaching the colon undigested has a marked impact on faecal bulking, transit time and fermentation-dependent events. In addition, these results are also consistent with the bacterial utilization of sources of nitrogen (including ammonia) causing decreases in faecal ammonia concentration and increase in net excretion of nitrogen (Bingham, 1990; Macfarlane & Cummings, 1991) . Figure 1 illustrates the distribution of faecal weights in 50 g intervals amongst all subjects. In this group, 47% (19 female, 6 male) had a faecal weight between 51 and 100 g. Cummings et al (1992) consider that a daily faecal weight of 150 g or more is protective. In this study the majority (72%) of the volunteers (29 female, 8 male) had an average faecal weight less than (`) 150 g.
Subjects with a daily faecal weight greater than (b) 150 g consumed more NSP (insoluble-NSP intake was increased by 200%) by consuming more fruit, breads and cereals (Table 5 ). This group also consumed signi®cantly more (19%) energy, with a higher energy density of NSP (1.9 gNSP/MJ vs 1.5 gNSP/MJ). There was no signi®cant difference in consumption of total starch (125 AE 36 g vs 146 AE 51 g) or RS (5.3 AE 2.0 g vs 4.6 AE 2.5 g) for the (`) and (b) 150 g group respectively, however the b150 g group excreted signi®cantly more starch in the faeces (1.6 AE 1.8 g vs 0.4 AE 0.5 g, P`0.01) ( Table 5 ). Total dietary ®bre (DF) intake was 18 AE 8 in the`150 g group and 28 AE 9 in the b150 g group (P`0.01).
Faecal parameters differed markedly between these two groups for most physical and biochemical parameters with the exception of pH, butyrate concentration and ease of defecation (Table 6 ). Quantities of by-products of carbohydrate and protein fermentation were all higher for the group with b150 g faecal weight, however, due to the increased faecal weight the concentrations of the potentially harmful products of protein fermentation, ammonia and phenols, were lowered (Table 6 ). The ratio of fermentable carbohydrate to nitrogen in the faeces and the ratios of butyrate:ammonia and butyrate:phenols were all higher for the higher faecal weight group (Table 6 ). Figure 1 Distribution of stool weight for 53 subjects, expressed as a percent of the total number of subjects, by grouping weight in 50 g increments. 
Discussion
This study measured both starch and RS intake and excretion in a typical Western population consuming their usual diet. The RS content of the principle starchy foods consumed by this group were measured directly using an in vitro RS assay (Muir & O'Dea, 1993; Muir et al, 1994) . We estimate the average RS intake to be 5 g per day (or 6 g/ 10 MJ) ( Table 1) . This is similar to that estimated by a dietary survey involving 3000 Australians (Baghurst et al, 1996) and recent estimates of RS intakes in several European countries range from 3.5±6.0 g/d (Dysseler & Hoffem, 1994) . These results are also consistent with a study we conducted in individuals with an ileostomy consuming a simulated`typical' Australian diet (Birkett et al, 1995b) . In that study 3.5 g of RS per 7 MJ was measured in the ileostomy ef¯uent (Birkett et al 1995b) . This is, to our knowledge, the ®rst study to measure the excretion of faecal starch (namely RS) in a Western population consuming their usual diet. It was found that 0.8 g/d starch was recovered in the faeces. This result (Table 2 ) compares favourably with a study recently completed in our laboratory in which we fed a simulated Australian diet to 12 volunteers . In that study subjects consumed 122 g of starch and 7.7 g of RS per day and excreted in faeces 0.8 g starch . The low excretion of RS re¯ects the low intake of starch and RS in the diet. While higher intakes of dietary starch (and RS) would assist in more starch reaching the colon undigested the dietary source of the starch may greatly in¯uence how much RS would reach the distal colon and hence be detected in faeces.
We have reported information about the bowel habits of Australians. The average faecal output was 127 g/d and transit time of 47 h (Table 2) . Cummings et al (1992) reported an average faecal output of 106 g/d and a whole gut transit of 60 h in the United Kingdom. Since faecal output is related to NSP intake, it was of interest to compare our data with that of Emmett et al (1993) who reported that the average NSP intake in Britain was 15 g/d for women and 16 g/d for men. The Australian data presented here compares well with these results, our mean NSP intake was 14 g/d (Table 1) .
The well established role of`dietary ®bre' on faecal bulking and transit time (Burkitt et al, 1972; Cummings et al, 1978; Kelsay et al, 1978; Davies et al, 1986; Lupton et al, 1993) was con®rmed here (Table 3 ). The results also suggest an association between RS intake and reduced transit time but not faecal output (Table 3) . Previous studies reported no changes in transit time with RS (Scheppach et al, 1988a; Van Munster et al, 1994) to a slight delay in transit time with RS sourced from green bananas (Cummings et al, 1996) . Our earlier study found a signi®cant correlation (r 0.70, P`0.05) between high intakes of RS and faecal weight (Phillips et al, 1995) . In this study RS was sourced from; coarsely ground wheat, high amylose maize and green bananas (range 26±50 g/d) (Phillips et al, 1995) . This effect on stool weight has been con®rmed by Cummings et al (1996) using RS from a range of sources including; green banana, wheat and maize.
We also examined associations between the intake of dietary carbohydrate and faecal carbohydrate-and proteindependent fermentation products. It is well recognised that the production of SCFA, including butyrate, relates to the fermentation of NSP and RS, while products of protein fermentation include ammonia, bSCFA and phenols (Macfarlane & Cummings, 1991; Scheppach et al, 1988b; Van Munster et al, 1994; Phillips et al, 1995; Cummings et al, 1996) . There is some evidence that RS is a better substrate for butyrate production via fermentation than NSP (Englyst et al, 1987; Edwards & Rowland, 1992 ). In the current study, intake of both dietary ®bre and NSP correlated with faecal concentrations of total SCFA (Table 3) . Only total starch intake, however, correlated signi®cantly with butyrate concentration (Table 3 ). This is of potential health signi®cance because of the bene®cial role butyrate may play in epithelial biology (Candido et al, 1978) . This result also supports the suggestion that high intakes of dietary starch may be associated with elevated concentrations of butyrate in the colon (Cassidy et al, 1994) . In this study, however, RS intake did not signi®cantly correlate with the concentration of butyrate excreted in faeces (Table 3) . This suggests RS, as measured by an in vitro assay, may not re¯ect quantities of starch passing into the colon undigested in complete mixed diets.
Resistant starch intake was associated with increased concentrations of faecal ammonia and bSCFA (Table 3) . These associations were reversed through the addition of NSP (Table 3) . Ammonia has been shown to be toxic to normal colonic cells and facilitate the growth of malignant cells (Visek, 1978) . This result suggests that high intakes of RS alone may have adverse effects unless combined with dietary NSP. Indeed, we have recent evidence for this in studies involving rats . In these studies RS (from raw potato starch) was shown to result in more tumour formation (both in number and size) and a higher aberrant crypt foci density than the control diet . These effects were suppressed by the addition of wheat bran (a rich source of insoluble-NSP) to the raw potato starch diet (Young et al, 1996) . An interesting paradox emerged from this study. Dietary intake of RS was positively correlated with faecal ammonia concentration (Table 3) , while faecal excretion of RS was negatively correlated with faecal concentrations of ammonia (Table 4) . Similarly, there were no signi®cant associations between dietary starch or dietary RS intake and faecal weight (Table 3) , while there was between faecal RS and faecal weight (Table 4 ). This suggests that for RS to impact positively on colonic events, particularly in the distal colon (site where most tumours form in humans (Hill, 1986) ), some starch must survive fermentation to reach the distal end. If complete fermentation of RS occurs too early in the colon then it may not be protective. We hypothesise, that insoluble-NSP may have a crucial role in`pushing' RS to the distal colon. Thus, suf®cient quantities of RS in the colon may be achieved through either: (a) a very high RS intake (as shown previously by us (Phillips et al, 1995) ); (b) including some forms of RS more resistant to colonic fermentation or (c) by consuming foods which are rich in both RS and insoluble-NSP.
Some evidence for this hypothesis was obtained when we divided the 53 subjects into two groups based upon their faecal output. The division of the group into those who excreted`150 g and b150 g of faeces per day showed that while intakes of total starch and RS were similar, intake of NSP (particularly insoluble-NSP) was signi®cantly higher in the b150 g group (Table 5) . Signi®cantly more RS and NSP was detected in faeces of b150 g group (Table 6 ). The increased faecal bulk in the b150 g group were associated with improvements in physical and biochemical risk markers, such as; decreased transit time, increased concentration of short chain fatty acids and reduced concentrations of ammonia and phenols. The increased ratios of butyrate:ammonia and butyrate:phenols concentrations observed in the >150g group suggests a more protective luminal environment, which could be facilitated by the increased ratio of carbohydrate (NSP RS) to nitrogen available for bacterial fermentation. This comparison (`150 g vs b150 g) supports the suggestion made by Cummings et al (1992) that to reduce the risk of colon cancer in Western communities, the population's average faecal weight should increase to greater than 150 g/d.
Note, however, that the b150 g group had a higher overall energy intake than the`150 group (9.7 MJ vs 7.8 MJ/d) ( Table 5 ) and consequently a higher intake of NSP. The lower ratio of NSP to energy intake in thè 150 g group suggest that individuals who have a low energy intake, such as women and sedentary males, may need to increase the ratio of NSP : energy in their diet to gain bene®cial effects of fermentable carbohydrate on bowel function.
Despite the presence of higher levels of RS in the faeces of the b150 g/d group, we did not ®nd a signi®cant increase in the concentrations of butyrate or lower faecal pH (see Table 6 ). It is possible that higher quantities of RS are required to achieve changes in these faecal parameters. Our earlier observations reported a high RS diet (39 g/d) resulted in marked lowering of faecal pH and a higher concentration of butyrate (Phillips et al, 1995) . The levels of starch excreted in faeces in that study was 8.5 g/d (a 5 fold increase). Interestingly, faecal pH and butyrate were also not in¯uenced by the higher amount of NSP present in the faeces of the b150 g/d group (9.5 g/d vs 3.9 g/d). Possibly supporting the suggestion that starch is a better substrate than NSP for producing butyrate via colonic fermentation (Englyst et al, 1987) . Resistant starch may also be more effective than NSP at producing acid faeces.
Conclusion
This work reiterates many of the well known effects of dietary ®bre' on faecal bulk, transit time and fermentationdependent events in the large bowel. Our new ®ndings suggest that diets high in RS but low in NSP may have adverse effects. This conclusion is supported by other recent work from our laboratory . In this study a simulated Chinese diet (high in starch and RS but low in NSP) fed to 12 volunteers produced a more adverse pro®le on faecal markers relevant to colon cancer risk than a simulated Australian diet (low in starch and RS but higher in NSP) . Future research should investigate the interrelationship between RS and NSP and also the importance of the dietary source of RS oǹ colonic health'.
